A B S T R A C T
The aim of this study was to investigate the antioxidant effects of tempol on ovarian ischemiareperfusion injury in rats. Forty female Wistar albino rats were randomly divided into five groups: Group I: sham, Group II: ischemia (I), Group III: ischemia-reperfusion (I/R), Group IV: ischemia-reperfusion (I/R) + Tempol 30 mg/kg i.p, Group V: ischemia-reperfusion + Tempol 50 mg/kg i.p. Oxidative Stress Index (OSI) was significantly higher in the ischemia group and the I/R group compared with the sham group. Catalase levels were significantly lower in the I/R group than in the I/R + Tempol 30 mg/kg i.p. and the I/R + Tempol 50 mg/kg i.p. group. Glutathione peroxidase levels were lower in the I/R group than in the I/R + Tempol 30 mg/kg i.p. and the I/R + Tempol 50 mg/kg i.p. group. MDA levels were significantly lower in the I/R + Tempol 30 mg/kg i.p. group and the I/R + Tempol 50 mg/kg i.p. group than in the D r a f t
INTRODUCTION
Ovarian torsion is an urgent gynecological event that mostly occurs in women of reproductive age (Oelsner and Shashar 2006) . Ovarian torsion has a prevalence of 2.7% in gynecological emergency (Hibbard 1985) . A reduction in ovarian blood flow may lead to ovarian necrosis, ischemia, and infarction (Keskin et al. 2015) . Early diagnosis and treatment of ovarian torsion are crucial for the protection of ovarian function. Moreover, a delay in the diagnosis and treatment may cause ovarian loss and infertility (Dokuyucu et al. 2014; Halici et al. 2008 ).
The primary pathophysiologic mechanism in ovarian torsion is ischemia followed by reperfusion that causes ischemia-reperfusion (I/R) injury in the ovaries. Reactive oxygen species (ROS) such as superoxide anion, hydrojen peroxide and hydroxyl radicals are formed after reperfusion. Reactive oxygen species cause DNA damage, cell membrane, and mitochondrial damage via lipid peroxidation and cytokine production from activated neutrophils and ultimately lead to tissue damage. Accumulation of polymorphonuclear leukocytes (PMN) into ovarian tissues is characterized by acute inflammation and shows action of chemotactic mediators. Therefore, several anti-inflammatory and antioxidant free radical scavenger agents have been used to protect the tissues against I/R injury (Cosar et al. 2007; Oral et al. 2011 ).
Tempol (4-hydroxy2,2,6,6-tetramethylpiperidine-N-oxyl) is a membrane-permeable radical scavenger which can protect tissues against oxidative stress (Karatas et al. 2004) . Tempol is a low molecular weight antioxidant that has a superoxide dismutase (SOD) mimetic activity and scavenges superoxide anion (O 2 ) (Abouzied et al. 2016) . Administration of tempol significantly reduces organ injuries caused by I/R. These organs include gastric mucosa, gall bladder, intestine, myocardium, kidney and liver (Abdallah et al. 2009; Fujii et al. 2005; Gomez-Pinella et al. 2010; McCormick et al. 2006; Sepodes et al. 2004; Teke 2008) . The beneficial effects of tempol depend on the scavenging hydroxyl radicals within the cell and are reported to reduce tissue damage due to inflammation (Erbis et al. 2015) . Tempol removes ROS and inhibits lipid peroxidation, and all of these processes play a major role in the inhibition of oxidative injury (Zhao et al. 2015) .
In this study, we aimed to investigate the antioxidant effects of tempol on ovarian I/R injury in an experimental rat model. We measured the total oxidant status (TOS), total D r a f t 4 antioxidant status (TAS), oxidative stres index (OSI), catalase activity (CAT), glutathione peroxidase activity (GSH-Px), and malondialdehyde (MDA) levels biochemically and we collected the ovarian tissues for histopathologic analysis.
MATERIALS AND METHODS

Animals
This study was approved by Mustafa Kemal University Animal Ethics Committee 
Experimental protocol
Each rat was weighed and anesthetized with intramuscular ketamine hydrochloride (50 mg/kg Ketalar; Eczacibasi, Istanbul, Turkey) and xylazine hydrochloride (10 mg/kg Rompun; Bayer Türk Đlaç Ltd., Istanbul). The rats were placed in the dorsal recumbent position. A 1.5 cm midline longitudinal laparotomy incision was made under sterile conditions. The abdomen was opened and the large intestines were separated attentively and removed out of abdomen. The uterine horns and adnexa were observed for 1 minute in the Sham group and then closed with 3-0 surgical suture (Ergun et al. 2010 ). In the experimental groups (Group I-V), vascular clamps were placed just beneath the ovaries and over the uterine horns to provide total ischemia. Incisions were closed with 4/0 silk suture.
D r a f t
In group II (Ischemia group), ischemia was induced for 3 hours using a torsion model stimulated by the application of a traumatic vascular clamp to the vascular pedicle 1 cm above and below the ovary. The incision was closed with 4/0 silk suture. In group III (I/R group), ischemia was performed for 3 hours, followed by reperfusion for 3 hours. In group IV (I/R and Tempol 30 mg/kg i.p. group), ischemia was induced for 3 hours as in Group II, followed by the administration of Tempol 30 mg/kg i.p. 30 min prior to 3 hours of reperfusion. In group V (I/R and Tempol 50 mg/kg i.p. group), Tempol 50 mg/kg i.p. was administered 30 min prior to 3 hours of reperfusion.
After surgery, all the rats were sacrificed. Blood samples were obtained through cardiac puncture and centrifuged at 1,500 x g for 10 minutes. Supernatants were portioned and stored at -80 °C. Both ovaries were extirpated. One of the ovaries from each rat were stored in a freezer at -80 °C for biochemical analysis and the other was fixed in formaldehyde solution 10% for histological examination.
Biochemical analysis
The ovarian tissues were weighed and homogenized in ice-cold phosphate-buffered saline at pH 7.4 (10% w/v) and centrifuged at 1,500 x g for 15 min at 4°C. Supernatants were removed for analysis. Protein content of supernatants was determined by Bradford method using bovine serum albumin as standard (Bradford 1976 ).
Serum TOS, TAS and OSI levels
Serum total oxidant status (TOS) and total antioxidant status (TAS) were measured by using a novel automated colorimetric method developed by Erel (Erel Assay Diagnostics kits, Mega Tip, Turkey) (Erel 2004; Erel 2005) . The TOS results were expressed as micromolar hydrogen peroxide equivalent per liter (µmol H 2 O 2 Eq/l) and the TAS levels were expressed as mmol Trolox Eq/l. The ratio of TOS to TAS was accepted as the oxidative stress index (OSI) and was calculated as follows: OSI (arbitrary unit) =TOS (µmol H 2 O 2 Eq/l) / TAS (µmol Trolox Eq/l) x 100 (Demirbag 2007 
Antioxidant enzyme activities Catalase activity (CAT)
Catalase activity was estimated by the method of Aebi (Aebi 1973) . The decomposition of the substrate H 2 O 2 was monitored spectrophotometrically at 240 nm (Schimadzu UV 1601, Japan). Activity was calculated from the change in absorbance and finally expressed as k/g tissue [k: rate constant of the first order reaction as defined by Aebi].
Glutathione peroxidase activity (GSH-Px)
GSH-Px activity was measured by the method of Paglia and Valentine (Paglia and Valentine 1967) . Enzymatic reaction was initiated by adding H 2 O 2 to the reaction mixture containing reduced glutathione, reduced nicotinamide adenine dinucleotide phosphate, and glutathione reductase. The change in the absorbance at 340 nm was monitored by a spectrophotometer. One unit of GSH-Px was defined as micromoles of NADPH oxidized per minute. Activity was given in units per gram tissue.
Malondialdehyde (MDA) levels
The MDA levels in homogenized tissues were measured by the double-heating method of (Draper and Hadley 1990 ). This method is based on spectrophotometric measurement of the end product of lipid peroxidation with thiobarbituric acid at 532 nm. The calibration curve was constructed by using commercially available MDA equivalents (1,1,3,3-tetramethoxypropane, Lot no, MKBP9901V, Sigma-Aldrich). MDA results were expressed as nmol/g tissue. D r a f t 7 degeneration. The findings classified for each parameter were as follows: Grade 0, no findings; Grade 1, findings <33%; Grade 2: findings of 33-66%; and Grade 3, findings >66% (Guven et al. 2010 ).
Statistical analysis
Continuous variables were expressed as mean ± standard deviation (SD). The groups were compared by using One-Way Analysis of Variance (ANOVA) followed by Tukey's HSD test.
A p value of <0.05 was considered significant. Statistical analyses were performed by using SPSS 21.0 for Windows (SPSS Inc., Chicago, IL, USA). Table 2 presents tissue MDA, CAT, GSH levels. Tissue MDA levels were significantly higher in Groups II, III, IV, and V than in Group I (p<0.001) and were statistically higher in Group III than in Group II (p<0.001). Moreover, the MDA levels were significantly lower in Group IV and Group V than in Group III (p<0.001).
RESULTS
Catalase levels were highest in Group I and were significantly higher in Group I than in groups II, III, IV, and V (p<0.001). Catalase levels were significantly lower in Group III than in Groups IV and V (p<0.001).
GSH-Px levels were highest in Group I and were significantly higher in Group I than in Groups II, III, IV, and V (p<0.001). GSH-Px levels were significantly lower in Groups III, IV, and V than in Group II (p<0.001). Figure 1 
D r a f t
Histopathological changes of groups
DISCUSSION
Ovarian torsion remains a significant clinical problem for the women in reproductive age. It not only affects reproduction but also causes infertility if not treated. The present study indicated dose-dependent antioxidant effects of tempol on ovarian I/R injury in an experimental rat model. I/R injury leads to biochemical and histological changes in ovarian tissues. Ischemia (i.e. insufficient blood flow and lack of oxygen) not only decreases ATP production but also increases lactic acid production and accumulates lipid peroxidase in tissues (Dokuyucu et al. 2014) . After reperfusion of the ovarian tissues, reactive oxygen species such as hydroxyl radical (OH), superoxide anion (O 2 -. ), pro-radical hydrogen peroxide (H 2 O 2 ), and reactive nitrogen species (RNS) are formed by the restoration of blood flow.
Ischemia-reperfusion leads to accumulation of proinflammatory mediators that cause tissue necrosis. Reactive oxygen species stimulate neutrophils and can cause further damage to the cells of ischemic tissues, mainly due to lipid peroxidation in cellular and mitochondrial membranes (Ozat et al. 2009; Sahin et al. 2008; Somuncu et al. 2008; Zweier 1987) . Reactive oxygen species also attack DNA in the nucleus and destruct cell membrane (Sadoshima 2008 that the MDA levels indicating oxidative stress significantly decreased in the colchicineadministered group, similar to our study (Keskin et al. 2015) .
Cells protect themselves from ROS injury via intracellular enzymes such as SOD, catalase and GSHPx (Keskin et al. 2015) . Catalase is an antioxidant enzyme that scavenges the cell from pro-radical hydrogen peroxide (H 2 O 2 ). In our study, catalase was used for the determination of antioxidant level. The results revealed that catalase significantly increased in Group IV and Group V compared with Group III. Similarly, glutathione peroxidase levels were significantly increased in Group IV and Group V compared with Group III.
TOS values were significantly higher in Groups II and III compared with Group I. TOS values were lower in Group V compared with Group IV. Administration of Tempol at a dose of 50 mg/kg was more effective than at a dose of 30 mg/kg, and this difference was statistically significant. OSI values were significantly lower in Group IV and Group V compared with Group III (Dokuyucu et al. 2014 ) demonstrated that TOS and OSI increased and TAS decreased in ischemia and I/R groups compared with the sham group. Group III compared with Group I. In addition, the cellular scoring system suggested that ovarian damage was more severe in the I/R group than in the ischemia group.
In our study, infiltration of inflammatory cells significantly increased in the I/R group and significantly decreased in Group V compared with Group III. These results also suggested that the administration of tempol at a dose of 50 mg/kg was more effective than at a dose of 30 mg/kg and the difference was statistically significant. In our study, infiltration of inflammatory cells increased in the I/R group. After ischemia, when reperfusion is provided, D r a f t infiltration of inflammatory cells and the production of reactive oxygen radicals occur in the tissue (Carden and Granger 2000) .
Several antioxidant and anti-inflammatory treatments have been used for the protection of ovarian tissue against I/R injury (Akdemir et al. 2015) . Formation of ROS is reduced by antioxidant therapies, thereby leading to cell protection. Tempol is a low molecular weight and a SOD-mimetic antioxidant agent accumulating in the cytosol in I/R injury. Tempol also scavenges free radicals and reduces the release of oxidant free radicals (Teke et al. 2008 ).
Administration of tempol has been shown to significantly reduce organ injuries caused by I/R in gastric mucosa, gallbladder, intestine, myocardium, kidney, and liver (Abdallah et al. 2009; Fujii et al. 2005; Gomez-Pinella et al. 2010; McCormick et al. 2006; Sepodes et al. 2004; Teke et al. 2008) . Beneficial effects of tempol depend on the scavenging hydroxyl radicals within the cell and these effects are have been shown to reduce tissue damage due to inflammation (Erbis et al. 2015) . Tempol removes ROS and inhibits lipid peroxidation, and all of these processes play a major role in the inhibition of oxidative injury (Zhao et al. 2015 ).
In conclusion, our results demonstrated that Tempol decreases I/R injury in rat ovary. In addition, the results also suggested that the administration of tempol at a dose of 50 mg/kg is more effective than at a dose of 30 mg/kg. The present study is the first one to report on the effects of Tempol in ovarian I/R models. Tempol is a protective antioxidant agent for ovarian tissue in I/R injury. However, further studies are needed to explore the benefits of tempol in both ischemic ovarian tissues and thus reproduction. Moreover, further studies may also provide greater amount of knowledge about the beneficial clinical effects of tempol on the ovarian tissues exposed to ischemia-reperfusion injury. 
